The in vitro propagation techniques are commonly used to produce ornamental pineapple seedlings in commercial scale, aiming to attend the growers with genetic and sanitary quality seedlings. However, the choice of the ideal substrate is essential for the acclimatization and growth stage of the seedlings propagated by this technique, since some substrates can increase the seedling mortality and/or limit the seedling growth due to its physical and chemical characteristics. Thus, the aim of this study was to evaluate the acclimatization of ornamental pineapple [Ananas comosus (L.) Merr. var. ananassoides (Baker) Coppens & Leal] on different substrates. Seedlings with approximately seven centimeters, obtained from in vitro culture, were transplanted into styrofoam trays filled with the following substrates: sphagnum; semi-composed pine bark; carbonized rice husk; sphagnum + semicomposed pine bark; sphagnum + carbonized rice husk; and semi-composed pine bark + carbonized rice husk. Each treatment was replicated five times using 10 plants. At 180 days, there were evaluated the following variables: survival percentage, plant height, number of leaves, leaf area, largest root length, and shoot and root dry matter. The substrate semi-composed pine bark + carbonized rice husk presented the lowest mean (62%) for survival percentage. The semi-composed pine bark and semi-composed pine bark + carbonized rice husk treatments presented significant increments in some evaluated biometric characteristics. The semi-composed pine bark is the most favorable substrate for the A. comosus var. ananassoids acclimatization. Keywords: Ananas comosus var. ananassoides, Bromeliaceae, propagation, potting media.
INTRODUCTION
In Brazil, Ceara state stands out in the production and exportation of ornamental pineapple stems, which have been widely used in several European and North American countries; ornamental pineapple has been used increasingly in recent years due to its exotic appearance, especially its pleasing colors, as well as long postharvest life (CARVALHO et al., 2009; SOUZA et al., 2012; SOUZA et al., 2014) . Thus, due to the national and international demand for this product, the commercial production can be a promising activity for other states and an alternative for the floriculture products diversification.
The pineapple [Ananas comosus (L) Merr.] presents broad genetic diversity, mainly in Brazil, one of the origin centers and dispersion of these Bromeliaceae (SOUZA et al., 2007; CRESTANI et al., 2010; SOUZA et al., 2012) . The most commercialized varieties are A. comosus var. erectifolius, A. comosus var. bracteatus and A. comosus var. ananassoides (CARVALHO et al., 2009) . Similarly, to other Bromeliaceae species, pineapples have extraordinary features for ornamental uses, such as potted plants, cut flowers and landscaping. According to Souza et al. (2007) and Souza et al. (2012) , these genotypes present shapes and color diversity that stand out for their beauty, originality, and durability of their fruits and leaves.
In order to maintain the specific characteristics for each genotype and to obtain pathogen-free plants, the in vitro propagation is the most adequate technique; and it is widely used for pineapples' propagation. However, a suitable substrate must be chosen to avoid losses and other disorders, such as attack by root pathogens and/or slow growth, during the seedlings acclimatization and growth stages. Several materials have been indicated as substrate for ornamental pineapple acclimatization, such as those based on coconut powder or fiber (BOMFIM et al., 2007; AZEVEDO et al., 2008; CUNHA FILHO et al., 2008; BOMFIM et al., 2011) and the mixture of vermiculite and earthworm humus (1:1, v/v) .
However, the availability of these materials varies according to the region and it may add cost to the seedlings production, due to the shipping. As an option to reduce costs, mixtures of different materials can be made. Gonçalves et al. (2000) report that suitable substrates for seedlings propagation, by seed and cutting, can be obtained through the mixture of 70 to 80% of an organic component (cattle manure, eucalyptus or pine bark, sugarcane bagasse, earthworm humus and others residues) and 20 to 30% of an element used to increase macro porosity (carbonized rice husk, biomass boiler ash, carbonized sugarcane bagasse, among others).
Furthermore, it is important to be aware about the physical and chemical characteristics of the substrates, such as apparent density, in order to handle them properly. Adequate measurements of apparent density are essential to calculate and understand other important substrate attributes for plant growth as total porosity, aeration space and available water (FERNANDES and CORÁ, 2004) .
Thus, the aim of this study was to evaluate the acclimatization and growth of ornamental pineapple seedlings on different substrates.
MATERIAL AND METHODS
Ornamental pineapple seedlings (Ananas comosus var. ananassoides) with approximately seven centimeters length, propagated in vitro on ½ MS culture medium, were transplanted into styrofoam trays (25.0 × 25.0 × 5.0 cm) filled with the following substrates: sphagnum, semicomposed pine bark, carbonized rice husk, sphagnum + semi-composed pine bark (1:1, v/v), sphagnum + carbonized rice husk (1:1, v/v) and semi-composed pine bark + carbonized rice husk (1:1, v/v). Each treatment was replicated five times using 10 plants and distributed in a completely randomized design.
The styrofoam trays were drilled for easy irrigation drainage and held in greenhouse covered by polyethylene film and black plastic screen (Sombrite ® ) with 70% of solar radiation retention. The seedlings irrigation was conducted daily, according to each substrate necessity, in order to maintain the water content close to the water retention capacity of the substrates.
The physical and chemical characterization of the substrates was carried out at the beginning of the experiment, according to the methodology proposed by Kämpf et al. (2006) to assess the apparent density (g L -1 ), water retention capacity (mL L -1 ), pH and electrical conductivity (µS cm -1 ) ( Table 1) . After 180 days of growth, were evaluated the survival percentage and seedlings growth based on the biometric characteristics: largest root length (cm); plant height (cm); number of leaves; leaf area (mm 2 ), using the Image J software; and the shoot and root dry matter (g). The data were submitted to analysis of variance and the means compared by Tukey's test at 5% probability using the statistical software SISVAR (FERREIRA, 2011).
RESULTS AND DISCUSSION
Ornamental pineapple seedlings acclimatized on different substrates presented losses around 10%, except to the seedlings acclimatized on semi-composed pine bark + carbonized rice husk (PB + CRH) mixture, which was observed 38% of seedlings mortality ( The acclimatization stage is considered one of the elements that guarantees success during the seedlings production when propagated in vitro, since the seedlings are exposed to new growth conditions causing biotic and abiotic stresses, such as water loss, tissue dehydration, synthesis process reduction, among others (BOMFIM et al., 2011; CUNHA FILHO et al., 2008; OLIVEIRA et al., 2010) .
Once the substrate used during the acclimatization directly affects the survival and growth of seedlings propagated by in vitro method (BOMFIM et al., 2007; LONE et al., 2008; STEFANELLO et al., 2009) , it can be considered one of the factors responsible for the seedlings production success. However, it is observed in Table 1 Regarding the global plants growth on the substrates, there was recorded significant differences among them (Table 3) . These results corroborate those described by Moreira et al. (2006) in 'Pérola' pineapple and Oliveira et al. (2014) , in three banana cultivars; both cultures acclimatized on different substrates. Was observed that substrate semi-composed pine bark provided the highest means for leaf area and shoot dry mass. For the leaves number per plant, only the semicomposed pine bark substrate contributed to increase this variable (23 leaves per plant). Concerning to the leaf area, the higher mean was also verified for semi-composed pine bark substrate. However, when using only the carbonized rice husk as substrate or sphagnum and its mixtures (SPH, SPH+PB and SPH+CRH) it was observed the lowest number of leaves (13 leaves per plant) and consequent reduction of leaf area. The plants acclimatized in semicomposted pine bark present leaf area two times greater than those acclimatized in sphagnum or in sphagnum combined with other material.
As the number of leaves per plant and leaf area are important characteristics and may be related to the high seedlings survival and growth in the field (SANTOS et al., 2004 , MOREIRA et al., 2006 , preference should be given to the substrates that promote these characteristics. The larger plants leaf area may be more efficient in solar energy absorption, as well as dry matter production. This effect could be verified for the plants that grew on semicomposed pine bark substrate, which accumulated three times more dry matter on shoot compare to the other substrates (Table 3) . In reference to the pattern of these variables, the substrates sphagnum (SPH) and carbonized rice husk, pure or in mixture, have possibly reduced the index because of the high water retention capacity of these materials.
The elevate water content in the substrate can reduce the oxygen availability and damage the root respiration (AZEVEDO et al., 2008) . Thus, it is important to emphasize that when there is a mixture of materials, the substrates features, mainly physical, can be improved and reflects positively on the plants growth. This effect was also verified for other biometric characteristics analyzed, which did not present adequate results in carbonized rice husk substrate, but presented satisfactory results for the PB + CRH mixture (Table 3) . It is possible to infer that the addition of semi-composed pine bark to the carbonized rice husk increased the apparent density (205.21 g L -1 ) and decreased the water retention capacity (470.45 mL L -1 ) of the mixture when compared to the pure carbonized rice husk (Table 1) . It is important because in Bromeliaceae species, higher water content available in the substrate could damage pineapple plants growth, since these plants present a lower transpiration rate .
The semi-composed pine bark acts as a conditioner and improves the physical structure of the substrates, such as porosity, allowing efficiently gases exchange between substrate and environment. Formulations that decrease the substrate macroporosity create unfavorable conditions for the seedlings establishment and growth, because increasing the micropores amount in the substrate decreases aeration (BLOUIN et al., 2008; SUGUINO et al., 2011) . In addition, the substrates semi-composed pine bark and PB + CRH used in this study presented physical properties which are in agreement with those reported in the literature to describe a good substrate, e.g. apparent density between 200 and 400 g L -1 and water holding capacity ranging from 40 to 50% of the substrate volume (VERDONCK et al., 1981; KÄMPF, 2000 substrates also presented adequate values to ornamental plants cultivation (VERDONCK et al., 1981; KÄMPF, 2000; COLOMBO et al., 2016) .
For the roots dry matter, the semi-composed pine bark was superior when compared to the other materials, whereas the substrate carbonized rice husk, sphagnum, and sphagnum + semi-composed pine bark presented the lowest value for this characteristic. Thus, it is important to observe the root growth in the acclimatization stage, since the roots generated in vitro are not functional when transplanted; therefore, new roots must be grown ex vitro (MOREIRA et al., 2006) , in order to ensure the seedlings survival and performance at the field. Despite the favorable effect of the PB + CRH substrate for some biometric characteristics, this mixture presented the lowest percentage of seedling survival (62%), which could be an unfavorable point to choose this substrate.
CONCLUSION
The substrate semi-composed pine bark, presents the best conditions for acclimatization and growth of the pineapple ornamental seedlings.
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